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mailed September 6, 2005 . 

A copy of the Notification of Missing Requirements (Form PTC/DO/EO/905) is 
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2. Declaration Or Oath 
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^ The specification attached to the declaration is a copy of the specification and 
any amendments thereto which were filed in the PTO to obtain the filing date. 

□ The declaration or oath which was filed was determined to be defective. A new 
original Combined Declaration and Power of Attorney is attached. 

3. English Translation of Non-English Language Papers 

□ Submitted herewith is a verified English translation of the non-English language 
application papers as originally filed. It is requested that this translation be used 
as the copy for examination purposes in the PTO. 

□ Also enclosed is the Verification of Translation Document 

4. Small Entity Statement(s) 

□ Applicant(s) hereby assert small entity status. 
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§ 1.21(1) and § 1.53(d) 


$130.00 
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6. Extension of Time 

The proceedings herein are for a patent application and the provisions of 37 C.F.R. § 1.136(a) 
apply. 

□ Applicants petition for an extension of time, the fees for which are set out in 37 C.F.R. 
§§ 1.17(a)-(d), for the total number of months checked below: 

Total Months Requested Extension Fee Extension Fee [Small Entity] 

□ One month $120.00 $60.00 

□ Two months $450.00 $225.00 

□ Three months $1,020.00 $510.00 

□ Four months $1,590.00 $795.00 

□ Five months $2,160.00 $1,080.00 



Extension of time fee due with this request: $ 0.00 



If an additional extension of time is required, please consider this a Petition therefor. 

^ Applicant believes that no extension of time is required. However, this conditional 
petition is being made to provide for the possibility that applicant has inadvertently 
overlooked the need for a petition and fee for extension of time. 



7. Fee Payment 

The total fee due is: Completion Fees $ 130.00 

Assignment Fees $ 40.00 
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^ A check in the amount of 170.00 to cover the above fees is enclosed 

□ The Commissioner is hereby authorized to charge the total fee due to Deposit Account 



^ Except for issue fees payable under 37 C.F.R. § 1 . 1 8, the Commissioner is hereby 

authorized by this paper to charge any additional fees during the entire pendency of this 
application including fees due under 37 C.F.R §1.16 and §1.17 which may be required, or 
credit any overpayment to Deposit Account No. 50-0573. 



□ Form PCT/IPEA/409 (English Translation) 
I I Preliminary Amendment 

LJ PCT/IB/338 English translation of the International preliminary Examination Report 

□ PCT/ISA/210 (International Search Report dated ) 
£3 Information Disclosure Statement 

£3 Form PTO-1449, 4 non-US patent documents as listed 

£0 Assignment Recordation Cover Sheet (PTO Form-1 595) 

IE1 Assignment of the invention to HAMAMATSU PHOTONICS K.K. 



Date: October 26, 2005 
Customer No. 055694 
DRINKER BIDDLE & REATH LLP 
1500 K. Street, N.W., Suite 1 100 
Washington, DC 20005-1209 
Tel: (202) 842-8800 
Fax: (202) 204-0289 
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DESCRIPTION 



Light Guiding Device 



Technical Field 

[0001] The present, invention concerns a light guiding 
device that is used to perform exposure for removal of 
unnecessary resist on peripheral parts of a 
semiconductor wafer. 
Background Art 

[0002] In pattern forming processes using 

photolithography that are performed on semiconductor 
wafers, there are cases where peripheral parts of a 
pattern formation part are not exposed and resist 
remains at such peripheral parts. Since resist 

remaining at a peripheral part can peel off and become 
dust that adheres to the semiconductor wafer, it must 
be removed prior to entering a subsequent process. For 
removal of the unnecessary resist on peripheral parts 
of a semiconductor wafer, a method, wherein light, 
guided by a light guiding device, is illuminated onto a 
resist-removal portion and the illumination spot is 
moved across the resist-removal portion to expose the 
entire resist-removal portion, is used. ^ With this 
exposure method, in order to expose the entirety of the 
resist-removal portion uniformly, it is required that 
the light emitting from the light guiding device be 
shaped to have a cross section of rectangular shape and 
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that the illuminance be made uniform across the entire 
cross section of the emitting light. 

[0003] As a prior art of such a light guiding device, 
there is, for example, the light guiding device 
disclosed in Japanese Patent Publication Laid-open 

(Tokukai) No. H10-74676. With the light guiding device 
of Japanese Patent Publication Laid-open (Tokukai) No. 
H10-74 67 6, an aperture member, having a rectangular 
transmitting part and being installed on an 
illumination head, shapes the cross section of the 
light emitting from the light guiding device to a 
rectangular shape. Also, United States Patent No. 
4,964,692 discloses a light guiding device equipped 
with stem-like member with a core/clad structure (a 
clad cane element) , which makes uniform the light 
emitting from a light emitting end face of an optical 
fiber bundle. 

Disclosure of the Invention 

[0004] However, with the prior-art light guiding 
devices, since a light blocking part of an aperture 
member blocks the outer rim of the light emitting from 
a light guiding fiber, the light amount of the emitting 
light is decreased. 

[0005] The present invention has been made to resolve 
the above issue, and an object thereof is to provide a 
light guiding device, which shapes the cross section of 
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light, emitting from a light guide fiber, to a 
rectangular shape and makes uniform the illuminance 
across the entire cross section of the emitting light 
without decreasing, the light amount of the emitting 
light. 

[0006] In order to achieve the above object, this 
invention provides in a light guiding device used for 
exposure of peripheral parts of a semiconductor wafer, 
a light guiding device, comprising: an optical fiber 
bundle, formed by bundling together a plurality of 
optical fibers and having a first light incidence end 
face and a first light emitting end face; a glass rod, 
having a second light incidence end face and a second 
light emitting end face and making uniform the cross 
section of light emitting from the second light 
emitting end face by taking in, from the second light 
incidence end face, the light emitting from the first 
light emitting end face of the optical fiber bundle and 
guiding this light to the second light emitting end 
face; and a glass rod holding member, which fixes the 
glass rod to a light emitting end face side front end 
part of the optical fiber bundle so that the second 
light incidence end face of the glass rod opposes the 
first light emitting end face of the optical fiber 
bundle; the second light emitting end face of the glass 
rod having a rectangular shape. 
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[0007] The glass rod takes in the light emitting from 
the optical fiber bundle and makes the illuminance 
uniform across the entire cross section of the emitting 
light. Also, since, the second light emitting end face 
5 of the glass rod has a rectangular shape, the emitting 

light from the glass rod is shaped to be rectangular in 
cross section. The light thus does not have to be 
shaped by applying an aperture member and blocking the 
outer rim of the cross section of the emitting light. 
10 Consequently, the light that is guided by the optical 

fiber bundle can be illuminated onto peripheral parts 
of a semiconductor wafer without decrease of the light 
amount . 

[0008] Also, with this invention's light guiding 
15 device, the glass rod preferably satisfies the 

relationships expressed by the following formulae (1) 
and (2) . 

r d 1 „ v 

L ) (1) 

nsind =/2 , sin<9 , — (2) 
20 L[mm] : length of the glass rod 

d[mm] : length of the diagonal of the second light 

emitting end face of the glass rod 

n: refractive index of air 

n' : refractive index of the glass rod 
25 0 : maximum angle of emit from the optical fiber into 
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air 

Q' : angle of refraction of light, which has emited 
from the optical fiber at the maximum emit angle, upon 
incidence onto the second light incidence end face 
5 [0009] When the glass rod meets the above conditions, 

the maximum emit angle component, among the emitting 
light from the optical fiber that enters the glass rod 
via the central axis, is totally reflected at least 
once at the boundary surface (interface between the 

10 glass rod and a clad or ambient air) of the glass rod. 

Thus by the total reflection and mixing of the light 
emitting from the respective optical fibers at the 
boundary surface of the glass rod, the non-uniformity 
of illuminance at the first light emitting end face of 

15 the optical fiber bundle is made uniform satisfactorily. 

[0010] Also, with this invention's light guiding 
device, it is preferable for a sleeve member, which 
covers the light emitting end face side front end part 
of the optical fiber bundle, to be equipped and for the 

20 glass rod holding member to be detachably mounted to 

the sleeve member. 

[0011] Since the glass rod holding member can then be 
removed from the sleeve member, exchange and washing of 
the glass rod are facilitated. 
25 [0012] Also, with this invention's light guiding 

device, it is preferable for the plurality of optical 
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fibers to be adhered to each other by an adhesive agent 
at the light emitting end face side front end part of 
the optical fiber bundle. 

[0013] By the optical fibers being adhered by an 
adhesive agent at the light emitting end face side 
front end part of the optical fiber bundle, the shape 
of the light emitting end face side front end part can 
be maintained regardless of the shape of the optical 
fiber bundle. Also, the density of the core end faces 
at the first light emitting end face of the optical 
fiber bundle is made high and dark parts (parts besides 
the core end faces) are lessened. The light amount 
density at the first light emitting end face is thereby 
increased. 

[0014] Also with this invention's light guiding device, 
it is preferable for the first light emitting end face 
of the optical fiber bundle, to oppose the second light 
incidence end face of the glass rod across a gap. 
[0015] By there being a gap between the second light 
incidence end face of the glass rod and the first light 
emitting end face of the optical fiber bundle, damaging 
of the second light incidence end face and the first 
light emitting end face due to contact with each other 
can be prevented. 

[0016] Also this invention's light guiding device is 
preferably equipped with a sleeve member, covering the 
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light emitting end face side front end part of the 
optical fiber bundle, and a curving part holding member, 
which, by being fixed to the vicinity of the light 
emitting end face side front end part of the optical 
fiber bundle and to the sleeve member, maintains a 
state wherein the optical fiber bundle is curved in the 
vicinity of the front end part. 

[0017] Since the state in which the optical fiber 
bundle is curved in the vicinity of the light emitting 
end face side front end part is held by the curving 
part holding member of the above structure, the space 
occupied by the optical fiber bundle in the vicinity of 
the light emitting end face side front end part can be 
made small. 

Brief Description of the Drawings 

[0018] Fig. 1 is a diagram showing the outer 

appearance of a light guiding device 1. 

[0019] Fig. 2 is a partial sectional view showing a 
region X in Fig. 1 of light guiding device 1 in 
enlarged manner. 

[0020] Fig. 3 is a diagram showing a light emitting 
end face of a light guide cable 10. 

[0021] Fig. 4 is a diagram showing a light emitting 
end face of an illumination head 4. 

[0022] Fig. 5 is a diagram showing the end face of a 
first light incidence part. 
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[0023] Fig. 6 is a diagram showing the manner in which 
a light emitting end face side front end part of an 
optical fiber bundle 16 is fitted into a sleeve member 
13. 

5 [0024] Fig. 7 is a diagram, showing the manner in 

which light is totally reflected and propagated in a 
cross section a:long the length direction (cross section 
containing the diagonal of a light emitting end face 
40o) of a glass rod 40. 

10 [0025] Fig. 8 is a schematic diagram of a 

semiconductor wafer periphery exposure device 5 to 
which light guiding device 1 is applied. 
Best Modes for Carrying Out the Invention 
[0026] A preferable embodiment of this invention's 

15 light guiding device shall now be described with 

reference to the attached drawings. In the respective 
drawings, the same elements shall be provided with the 
same symbols and redundant description shall be omitted. 
[0027] First, the structure of this embodiment's light 

20 guiding device 1 shall be described. Fig. 1 is a 

diagram showing the outer appearance of light guiding 
device 1. Fig. 2 is a partial sectional view showing a 
region X in Fig. 1 of light guiding device 1 in 
enlarged manner. Light guiding device 1 is equipped, 

25 at a light emitting end face side, with a light guide 

cable 10, which is arranged by an optical fiber bundle 
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16, formed by bundling together a plurality of optical 
fiber cores (UV transmitting quartz fiber cores), being 
covered by a PVC cladding 17. The light guide cable 10 
is branched at a light incidence end face side into a 
light guide cable 20 and light guide cable 30. Light 
guide cable 20 and light guide cable 30 are 
substantially equal in the number of cores, and by 
bundling together the optical fiber cores that make up 
these cables at the branching part, optical fiber 
bundle 16 of light guide cable 10 is formed. The 
branching part of this optical fiber cable is covered 
by a branching part outer cover 11. 

[0028] A light emitting end face side front end part 
of optical fiber bundle 16 is fitted into a sleeve 
member 13 upon adhesion of the optical fiber cores to 
each other by an adhesive agent in a manner such that 
the cross, section is made rectangular in shape. The 
structure of the light emitting end face side front end 
part of optical fiber bundle 16 shall now be described 
in more detail. Fig. 3 is a diagram showing the light 
emitting end face of light guide cable 10. Fig. 6 is a 
diagram showing the manner in which the light emitting 
end face side front end part of optical fiber bundle 16 
is fitted into sleeve member 13. Optical fiber bundle 
16 is fixed in shape at the light emitting end face 
side front end part (part corresponding to a region Y 
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shown in Fig. 6) by the optical fiber cores being 
adhered to each other by the adhesive agent. By this 
process, the cross-sectional shape of the light 
emitting end face side front end part is formed to a 
rectangular shape, which is 8.0mm in the lateral 
direction and 4.0mm in the longitudinal direction, as 
shown in Fig. 3. Also, the alignment of the optical 
fiber cores at the light emitting end face side front 
end part is preferably as random as possible with 
respect to the alignment of the optical fiber cores at 
the other parts. The making of the alignment of the 
optical fiber cores at the light emitting end face side 
front end part random contributes to the making uniform 
of the scattering of the light amounts of the light 
emitting from the respective . optical fiber cores. 
[0029] As shown in Fig. 3 and Fig. 6, sleeve member 13 
is a cylindrical member, the overall shape of which is 
an elliptical column. The hollow part of sleeve member 
13 has a rectangular cross section, which is 8.0mm in 
the lateral direction and 4.0mm in the longitudinal 
direction, and at the opening at one side, a step 13a 
is formed by the slight protruding of a side wall. The 
thickness of step 13a is adjusted to be of a 
predetermined length g. Optical fiber bundle 16, the 
light emitting end face side front end part of which is 
fixed by the adhesive agent, is inserted into the 
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hollow part and thereby fitted into sleeve member 13. 
Upon fitting, step 13a latches onto a light emit end 
face 16o of optical fiber bundle 16 and a gap of 
interval g is formed between the bottom face of sleeve 
5 member 13 and light emitting end face 16o. By optical 

fiber bundle 16 thus being fitted into sleeve member 13, 
the shape of the light emitting end face side front end 
part is maintained regardless of variations of the 
shape of optical fiber bundle 16. Furthermore, by the 

10 light emitting end face side front end part being fixed 

by the adhesive agent, the shape is fixed even more 
strongly, the density of core end faces at light 
emitting end face 16o is made high, and dark parts 
(parts besides the core end faces) are lessened. The 

15 light amount density at light emitting end face 16o is 

thus made high. 

[0030] Sleeve member 13 is a cylindrical member, the 
overall shape of which is an elliptical column, and an 
emitting part outer cover 14, having a hollow part of 

20 elliptical columnar shape, is mounted so that the 

bottom face of sleeve member 13 and the bottom face of 
emitting part outer cover 14 are positioned on the same 
plane. The light emitting end face side front end part 
of optical fiber bundle 16 is covered by emitting part 

25 outer cover 14 and PVC cladding 17. 

[0031] As shown in Fig. 2, an illumination head 4 is 
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detachably mounted to the light emitting end face side 
front end part of optical fiber bundle 16. 
Illumination head 4 comprises a glass rod holding 
member 42, a glass rod 40, which is housed in glass rod 
5 holding member 42, and a positioning pin 44, which 

fixes glass rod 40, and glass rod 40 is set to oppose 
light emit end face 16o of optical fiber bundle 16. 
The structure of illumination head 4 and glass rod 40 
shall now be described in detail. Fig. 4 is a diagram 

10 showing a light emitting end face of illumination head 

4. Glass rod 40 has basal faces with a rectangular 
shape that is 8.0mm in the lateral direction and 4.0 in 
the longitudinal direction and has a quadratic prism 
. shape with a length (height) of 40.0mm. The basal face 

15 at one side of glass rod 40 becomes a light incidence 

end face 40i and the other basal face becomes a light 
emitting end face 4 0o. 

[0032] As shown in Fig. 2 and Fig. 4, glass rod 
holding member 42 has a cylindrical shape and the inner 

20 periphery and outer periphery of the cross section at 

the front end part (glass rod housing part) are both 
elliptical in shape. Though the inner periphery and 
outer periphery of the cross section at the terminal 
end part (emitting part outer cover mounting part) are 

25 also elliptical, the inner peripheral diameters of the 

emitting part outer cover mounting part are greater 
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than the inner peripheral diameters of the glass rod 
housing part. 

[0033] At the glass rod housing part, the major 
diameter of the inner periphery of the cross section is 
5 set to be longer than 8.0mm (the length of the lateral 

side of light emitting end face 40o of glass rod 40) 
and the minor diameter is set to be longer than 4.0mm 
(the length of the' longitudinal side of light emitting 
end face 40o of glass rod 40) . Also, the length of the 

10 hollow part is set to 40.0mm (the length of glass rod 

40) . At the side wall of the glass rod housing part, 
four positioning pin insertion holes 42a are formed at 
each of the front end part side and the terminal end 
part side. Glass rod 40 is housed with a degree of 

15 freedom when it is inserted into the glass rod housing 

part and the position of glass rod 40 is fixed by 
positioning pins 44 that are inserted into positioning 
pin insertion holes 42a. Threaded grooves may be 
formed at the side faces of positioning pin insertion 

20 holes 42a and positioning screws may be screwed into 

positioning pin insertion holes 42a in place of 
positioning pins 44. 

[0034] The shape and size of the inner periphery of 
the cross section at the emitting part outer cover 
25 mounting part are the same as those of the outer 

periphery of emitting part outer cover 14, and emitting 
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part outer cover 14 is set to be fitted in the hollow 
part of the emitting part outer cover mounting part. 
By the fitting of emitting part outer cover 14 in the 
hollow part of the. emitting part outer cover mounting 
part, illumination head 4 is mounted detachably to 
emitting part outer cover 14. Illumination head 4 is 
thus detachably mounted via illumination part outer 
cover 14 to sleeve member 13. Since illumination head 
4 is thus made detachable, exchange and washing of 
glass rod 40 are facilitated. 

[0035] Since the inner peripheral diameters of the 
emitting part outer cover mounting part are greater 
than the inner peripheral diameters of the glass rod 
housing part, a step 4 2b is formed at the boundary part 
of these parts. When emitting part outer cover 14 is 
fitted in the hollow part of the emitting part outer 
cover mounting part, this step 42b latches onto the 
bottom face of emitting part outer cover 14. Meanwhile, 
when glass rod 4 0 is inserted into the glass rod 
housing part, glass rod 40 is fixed so that light 
incidence end face 40i is positioned on the same plane 
as step 42b (the bottom faces of emitting part outer 
cover 14 and sleeve member 13) . Since as mentioned 
above, there is a gap of interval g between the bottom 
face of sleeve member 13 and light emitting end face 
16o of optical fiber bundle 16, a gap of interval g is 
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formed between light incidence end face 40i of glass 
rod 40 and light emitting end face 16o of optical fiber 
bundle 16. By there being a gap between light 
incidence ' end face 40i and light emitting end face 16o, 
damaging of light incidence end face 40i and light 
emitting end face 16o can be prevented. 

[0036] As described above, when illumination head 4 is 
mounted to the front end part of light guide cable 10, 
glass rod 40 is fixed so as to oppose light emitting 
end face 16o of optical fiber bundle 16 across a gap of 
interval g. Furthermore, by shifting the positions of 
positioning pins 44, the orientation of glass rod 40 is 
adjusted so that light incidence end face 40i can pick 
up the emitting light from light emitting end face 16o 
without leakage. 

[0037] As shown in Fig. 1 and Fig. 2, light guide 
cable 10 is curved at a right angle near the front end 
part and this shape is held by a curving part holding 
member 12. Curving member holding part 12 is equipped 
and arranged with a ring 122, a ring 124, a fixing 
plate 126, and screws 128. Ring 122 is fixed at a 
location near the front end part of light guide cable 
10. Ring 124 is fixed onto the outer peripheral 
surface of emitting part outer cover 14. That is, ring 
124 is fixed to sleeve member 13 via emitting part 
outer cover 14. The respective end parts of fixing 
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plate 126 are mounted to ring 122 and ring 124 and, 
after being fastened by screws 128, are fixed by an 
epoxy adhesive agent. Since due to the application of 
curving part holding member 12 with such an arrangement, 
a force acts so as to draw sleeve member 13 and a 
portion at the vicinity of the front end part of light 
guide cable 10 towards each other, the curved state of 
the vicinity of the front end part of light guide cable 
10 is maintained. At the curved part, the optical 
fiber cores of optical fiber bundle 16 are twisted 
together to provide a bend-resistant structure. For 
example, approximately 200 optical fiber cores are 
twisted together to form a sub-bundle and seven such 
sub-bundles are twisted together to form the optical 
fiber bundle. Since light guide cable 10 is thus 
curved at a right angle near its front end part and 
this shape is held by curving part holding member 12, 
good maintenance of the vertical illumination state of 
the emitting light, prevention of damage of optical 
fiber bundle 16 due to repeated curving, and prevention 
of damage due to the contacting of the front end part 
of light guide cable 10 with inner peripheral parts of 
the exposure device resulting from the front end part 
being in a floating state in the process of mounting 
the device are enabled. 

[0038] At the incidence part side of light guiding 
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device 1, the front end part of light guide cable 20, 
which forms a first light incidence part, is covered by 
an incidence part outer cover 24. Fig. 5 is a diagram 
showing the end face of the first light incidence part. 
As shown in Fig. 5, the front end face (light incidence 
end face 26i) of the optical fiber bundle that makes up 
light guide cable 20 is exposed from incidence part 
outer cover 24. Light incidence end face 26i has a 
circular shape. Light guide cable 20 is curved near 
the front end part and this curved state is maintained 
by a curving part holding member 22. As with light 
guide cable 20, light guide cable 30 is equipped with a 
second light incidence part at its front end part and 
is maintained in a curved state by a curving part 
holding member 32. A light source is connected to the 
first light incidence part and light for exposing 
peripheral parts of a semiconductor wafer is taken into 
the optical fiber bundle from light incidence end face 
26i of the first light incidence part. If an even 
greater amount of light is required, another light 
source is connected to the second light incidence part 
as well. 

[0039] The actions and effects of light guiding device 
1 shall now be described. Light from the light source 
is optically guided by the optical fiber bundle, and 
emits from light emit end face 16o. The emitting light 
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from light emitting end face 16o is made incident on 
light incidence end face 40i of glass rod 40. The 
light that is made incident on light incidence end face 
4 0i propagates through glass rod 4 0 and emits from 
light emitting end face 40o, and in this process, the 
illuminance of the cross section of the emitting light 
is made uniform and the cross-sectional shape of the 
emitting light is shaped. 

[0040] The process by which the illuminance of the 
cross section of the emitting light is made uniform and 
the cross-sectional shape of the emitting light is 
shaped at glass rod 40 shall now be described in detail. 
Fig. 7 is a diagram, showing the manner in which light 
is totally reflected and propagated in the cross 
section along the length direction (the cross section 
containing the diagonal of light emitting end face 40o) 
of glass rod 40. The length d of this diagonal is 
8.94mm as expressed by formula (3) 

* = >U 2 *W>8-94-(3) 

W h : length of lateral side of light emitting end face 
4 0o = 8.0mm 

Wi: length of longitudinal side of light emitting end 
face 4 Oo = 4.0mm 

[0041] With the present embodiment, the maximum emit 
angle 9 (maximum angle formed by the optical axis of 
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the optical fiber cores and the emitting light) into 
air of the optical fiber cores that make up optical 
fiber bundle 16 is 11.5°. When light of such a maximum 
angle component is made incident into glass rod 4 0 from 
5 light incidence end face 40i, the angle 0' formed by 

the light of the maximum angle component and the 
optical axis (the central axis of glass rod 40) will be 
7.768° as expressed by formuia (4), derived from 
formula (2) : 
10 *sin<9 = n'sin0'- -(2) 

6 • = sin _1 (- sin 0) * 7.768 • ■ • (4) 
ri 

n: refractive index of air = 1 
n' : refractive index of glass rod 40 = 1.475 
[0042] Here, the condition of the length of glass rod 
15 40, for making the abovementioned light of the maximum 

angle component (presumed to be made incident into 
glass rod 4 along the central axis) be totally 
reflected at least once at the interface between glass 
rod 40 and air, is expressed by formula (1). 

20 L >-— — .-(1) 

2tan0' w 

L[mm] : length of the glass rod 40 

[0043] The length of glass rod 40 of the present 
embodiment is 40.0mm and satisfies the above condition. 
Since the emitting light from the respective optical 
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fiber cores thus become totally reflected at the 
boundary of glass rod 4 0 and air and thereby become 
mixed, the non-uniformity of the illuminance at light 
emit end face 16o .of optical fiber bundle 16 is made 
uniform. That is, non-uniformity of illuminance occurs 
at light emitting end face 16o due to such causes as 
the bend loss of guided light differing according to 
each optical fiber core, there being a clad region, in 
which light is not propagated, on light emitting end 
face 16o, etc. However, by applying glass rod 40 of 
the present embodiment and mixing the emitting light 
from the respective optical fiber cores, the non- 
uniformity of illuminance can be made uniform. 
[0044] Also, since light emitting end face 40o of 
glass rod 40 is rectangular, the cross section of the 
light emitting from light emitting end face 40o is 
shaped to a rectangular shape. There is thus no need 
to apply an aperture member to block the outer rim of 
the cross section of the emitting light to shape the 
light. Consequently, the light guided by the optical 
fiber bundle can be illuminated onto peripheral parts 
of a semiconductor wafer without decrease of the light 
amount. The shapes of the light emitting end face of 
the optical fiber bundle and the light incidence end 
face of the glass rod do not have to be rectangular. 
Even if these are not rectangular, as long as the light 
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emitting end face of the glass rod is rectangular, the 
cross section of the light that emits from the light 
emitting end face of the glass rod will be shaped to. a 
rectangular shape. . 

[0045] Fig. 8 is a schematic diagram of a 

semiconductor wafer periphery exposure device 5 to 
which light guiding device 1 is applied. Semiconductor 
wafer periphery exposure device 5 is equipped with a 
casing 52, and peripheral parts ( resist-removal 
portions) of a semiconductor wafer 6 are exposed to 
light inside casing 52. Semiconductor wafer 6 is set 
on a rotating supporting plate 54. An illumination 
head moving device 5 6 supports illumination head 4 and 
controls the position of illumination head 4. 
Illumination head 4 illuminates a single point of a 
peripheral part (resist-removal portion) of 

semiconductor wafer 6, and by the rotation of 
semiconductor wafer 6 by rotating supporting plate 54 
and the movement of the illumination spot of 
illumination head 4 by illumination head moving device 
56, peripheral parts (resist-removal portions) of 
semiconductor wafer 6 are exposed evenly. 

[0046] Though the optical axis of light guide cable 10 
is directed in the vertical direction at the front end 
part at the light emitting end face side, since the 
optical axis of light guide cable 10 is curved near 



this front end part so as to be directed in the 
horizontal direction, casing 52 can be made compact in 
size in the vertical direction. Also, the housing 
space at the housing position to which illumination 
5 head 4 is moved can be made small. 

[0047] As described above, with this invention, a 
light guiding device, which shapes the cross section of 
light, emitting from a light guide fiber, to a 
rectangular shape and makes uniform the illuminance 
10 across the entire cross section of the emitting light 

without decreasing the light amount of the emitting 
light, can be provided. 
Industrial Applicability 

[0048] The present invention can be applied, for 
15 example, to the manufacture of a semiconductor 

integrated circuit. 




FP03-0169-00 



22 



FP03-0169 



CLAIMS 

1 A light guiding device used for exposure of 

peripheral parts of a semiconductor wafer, comprising: 

an optical fiber bundle, formed by bundling 
together a plurality of optical fibers and having a 
first light incidence end face and a first light 
emitting end face; 

a glass rod, having a second light incidence end 
face and a second light emitting end face and making 
uniform the cross section of light emitting from said 
second light emitting end face by taking in, at said 
second light incidence end face, the light having 
emitted from said first light emitting end face of the 
optical fiber bundle and guiding this light to said 
second light emitting end face; and 

a glass rod holding member, which fixes said 
glass rod to a light emitting end face side front end 
part of said optical fiber bundle so that said second 
light incidence end face of the glass rod faces said 
first light emitting end face of the optical fiber 
bundle, 

said second light emitting end face of the glass 
rod having a rectangular shape. 

2. The light guiding device according to Claim 
1, wherein said glass rod satisfies the relationships 
expressed by the following formulae (1) and (2): 
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d 1 

L > (1) 

2tan0' 

/i sin 5 = /2 , sin5' - (2) 
where : 

Ltmm] : length of said glass rod 
5 d[mm] : length of the diagonal of said second 

light emitting end face of the glass rod 
n : refractive index of air 
n' : refractive index of said glass rod 
G : maximum emit angle from said optical fiber 
10 into air 

0' : angle of refraction of light, which has 

emitted from said optical fiber at the maximum emit 

angle, upon incidence onto said second light incidence 

end face . 

15 3. The light guiding device according to Claim 

1 or 2, comprising a sleeve member, which covers the 
light emitting end face side front end part of said 
optical fiber bundle, and wherein said glass rod 
holding member is detachably mounted to said sleeve 

20 member. 

4 . The light guiding device according to any 
of Claims 1 to 3, wherein 

said plurality of optical fibers adheres to each 
other by an adhesive agent at the light emitting end 

25 face side front end part of said optical fiber bundle. 
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5. The light guiding device according to any 
of Claims 1 to 4, wherein 

said first light emitting end face of the said 
optical fiber bundle faces said second light incidence 
end face of the glass rod via a gap. 

6. The light guiding device according to any 
of Claims 1 to 5, comprising: 

a sleeve member, covering the light emitting end 
face side front end part of said optical fiber bundle; 
and 

a curving part holding member, which, by being 
fixed to a portion of said optical fiber bundle in the 
vicinity of the light emitting end face side front end 
part and to said sleeve member, maintains a state 
wherein said optical fiber bundle is curved in the 
vicinity of said front end part. 
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ABSTRACT 

A light emitting end face side front end part of 
an optical fiber bundle 16 is covered by a sleeve 
member 13 and an emitting part outer cover 14. A glass 
rod holding member 42, which holds a glass rod 40, is 
mounted to emitting part outer cover 14. Glass rod 40 
is fixed to glass rod holding member 42 by means of 
positioning pins 4 4 and a light incidence end face 40i 
thereof opposes a light emitting end face 16o of 
optical fiber bundle 16. A light emitting end face 40o 
of glass rod 40 has a rectangular shape. The light 
emitting from light emitting end face 4 0o is made 
uniform in illuminance across the entirety of its cross 
section and the cross section thereof is shaped to a 
rectangular shape in the process of being propagated 
while being totally reflected at the boundary surface 
of glass rod 40. 
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